Filament Orientation
Several studies have revealed many salient features of the lamellipodial actin network architecture (1, 2) . It has been discovered that the actin filaments in the networks are highly ordered, especially in the frontmost part of the cytoskeletal extension. Virtually all filaments are oriented with their fast growing plus ends towards the leading edge (1) . The angular distributions display two characteristic peaks at ±35 • with respect to the normal to the leading edge (2) that can be explained by Arp2/3 induced branch formation (3) . To simplify our model, we mimicked the experimentally observed angular distribution taking two Gaussian distributions centered at +35 • and −35 • . The angular variance around the peak values was varied to study the effect on the simulation results ( Fig. 1) . As a consequence the appearance of the two dimensional actin network naturally changes, as can be seen in figure 1 A and in the pseudo fluorescence pictures (Fig. 2 B) . However, changing the angular variance has almost no effect on the averaged one dimensional properties of the simulated actin network (Fig. 3) . Therefore all data presented in the main article were obtained under the assumption that filaments take exactly ±35 • angles with respect to the normal to the leading edge.
Nucleation
As mentioned in the appendix, we essentially tested two different nucleation models. The data shown in the main article were obtained under the assumption of a constant nucleation rate. This is a reasonable first approximation if Arp2/3 activation is considered the rate limiting step (4) . In addition, we did all parameter studies presented with a g-actin concentration dependent nucleation model. As a first estimate we assumed a linear dependence r nuc = N 0 × G(0) between nucleation rate r nuc and g-actin concentration at the leading edge G(0). This leads to an uncapped plus end density for the steady state:
Typical experimental values for G(0) are ∼ 15 µM (5, 6). For the plus end density we expect B ∼ 100 uncapped plus ends per micrometer of leading edge (7) . Assuming that capping takes place with a rate of r cap ∼ 1 s −1 (8, 9), we estimate the nucleation rate constant to be N 0 ∼ 6 µM −1 µm −1 s −1 . The time evolution of the actin networks naturally differs between both nucleation models. Starting from purely monomeric actin the g-actin dependent nucleation model initially shows very high nucleation rates, unlike the constant nucleation model (data not shown). Upon variation of parameters such as r ac , r tm , r sev , r anneal , the system with gactin dependent nucleation rate reacts slightly differently as well. However, qualitatively the behavior is the same as with constant nucleation. G-actin dependent nucleation acts as a feedback loop. We found that the g-actin dependent nucleation rate self-adjusted in such a way that the drop of velocity upon increased tropomyosin concentration, as well as the velocity increase upon increased ADF/cofilin concentration, were damped (Fig. 4) . This also influences the depolymerization flux profiles. We present two graphs in this supplemental material that directly correspond to graphs from the main article but which have been obtained with the g-actin dependent nucleation model (parameters from table 1 and the main article, table 1). Figure 5 shows the simulation results in comparison to data from Svitkina et al. (1) , demonstrating that both nucleation models are able to reproduce the fluorescence data (compare to main article, figure 4 A). Figure 6 presents the mean filament length curves for different severing and annealing rates and corresponds to figure 9 B,D in the main article.
In the future we intend to test numerous different nucleation models. Most of them include a strong f-actin dependence (10, 11) . Very recently, an interesting 'monomer gating'model has been proposed that assumes a strong dependence of the concentration of capping protein and Arp2/3 (12).
Filament Severing
In order to understand the somewhat unexpected lengthening effect of filament severing, we complement our simulation results with an analytical description. As described in the appendix we focus on one single, capped filament. Before severing, its length has the value of the mean filament lengthl 0 (in µm). Assuming the filament gets fragmented at t = 0 we obtain two filaments, one of which has an uncapped plus end. Thus, the mean filament length drops tol 0 /2. Capping takes place with a rate r cap = 1 s −1 (see text) such that the probability that the initially uncapped filament is still uncapped at time t is exp(−r cap t). Assuming a constant growth rate of r on ∼ k on G we get the mean plus end elongation (in µm) of the uncapped filament:
In addition, we assume that both filaments depolymerize at their minus end with approximately the same mean depolymerization rate r − of f . The mean length of the uncapped filament (l uc ) along t is thus
whereas the mean length of the capped filament develops with
As a first approximation we assume a constant severing probability along the original filament of length l 0 . Thus, the capped filament fragment initially has lengths between 0 and l 0 , with equal probabilities for each. Due to the fact that this capped fragment vanishes when its length drops to zero, the resulting addition of l uc and l c has to be weighted by
thus leading to the total mean filament lengthl(t)
We also assume that the initial filament has a typical length of l 0 ∼ 0.5 µm, and that the g-actin concentration further back is ∼ 50 µM (see main article, figure 1 D) . Under these assumptions it turns out that filament severing has a shortening effect only on very short time scales (Fig. 7) . Taking typical filament life-times (∼ 10 s to 1 min) we expect the overall effect of severing to be an increase of the mean filament length. However, to obtain an overall filament lengthening effect the g-actin concentration has to be above a certain threshold such that the growth of the uncapped fragment overcompensates the severing induced shortening. Depending on the parameters used this threshold is typically at 10 − 20 µM (Fig. 7) . We found that the g-actin concentration increases nearly linearly from the front to the back (see article, Fig. 1 D) . As illustrated in the article we observe two different regimes: in the front part the g-actin concentration is apparently too low to obtain an overall filament lengthening effect upon severing, while for x ∼ 2.5 µm we clearly detect an increased mean filament length (see article, Fig. 9 B) . The corresponding g-actin concentration at x ∼ 2.5 µm was found to be ∼ 50 µM (main article, Fig. 1 D) . Our method does not account for a realistic filament length distribution and we have not considered filament transport during the process. Thus, due to simplifications our analytical approach underestimates the threshold gactin concentration for lengthening but nevertheless is able to qualitatively explain the findings from our simulation. Figure 9 : Mean filament lengths strongly depend on the capping rate. The capping rate, r cap , was varied while adjusting the nucleation rate to keep the number of growing filaments constant. , table  1 
